Background Amputation has been the standard surgical treatment for distal tibia osteosarcoma. Advances in surgery and chemotherapy have made limb salvage possible. However, it is unclear whether limb salvage offers any improvement in function without compromising survival. Questions/Purposes We therefore compared the survival, local recurrence, function, and complications of patients with distal tibia osteosarcoma treated with limb salvage or amputation. Methods We retrospectively reviewed 42 patients with distal tibia osteosarcoma treated from 1985 to 2010. Nineteen patients had amputations and 23 had limb salvage and allograft reconstructions. We graded the histology using Broders classification, and staged patients using the Musculoskeletal Tumor Society (MSTS) and American Joint Committee on Cancer (AJCC) systems. The tumor grades tended to be higher in the group of patients who had amputations. We determined survival, local recurrence, MSTS function, and complications. The minimum followup was 8 months (median, 60 months; range, 8-288 months). Results The survival of patients who had limb salvage was similar to that of patients who had amputations: 84% at 120 and 240 months versus 74%, respectively. The incidence of local recurrence was similar: three of 23 patients who had limb salvage versus no patients who had amputations. The mean MSTS functional score tended to be higher in patients who had limb salvage compared with those who had amputations: 76% (range, 30%-93%) versus 71% (range, 50%-87%), respectively.
Introduction
After the femur, the tibia is the second most common site of osteosarcoma; osteosarcomas of the tibia account for 19% of all osteosarcomas, with 20% of them occurring in the distal tibia [33, 48] . The subcutaneous location and proximity of the distal tibia to the neurovascular bundle and tendons make microscopically negative margin resection of tumors in this location difficult. Therefore, some surgeons recommend below-knee amputation for tumors of the distal tibia, with predictable maintenance of function [14] . Currently, advances in surgery and chemotherapy have made limb salvage in this location possible without compromising the survival of the patients [28, 44] . However, the indications for limb salvage for patients with tumors of the distal tibia are limited. Abudu et al. [1] suggested these include Grade 3 benign tumors, malignant primary bone tumors confined to bone without soft tissue extension, and malignant tumors with extraosseous extension in patients who refuse amputation, whereas contraindications include tumor involvement of the neurovascular bundle, the ankle, or important tendons of the ankle and foot.
Conflicting findings have been reported regarding survival and function after limb salvage and amputation for patients with osteosarcoma of the distal tibia [1, 2, 8, 10, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46] . Survival rates after limb salvage range from 100% to 50% at 6 to 288 months [1, 8, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46] , whereas those for amputation range from 100% to 84% at 36 to 60 months [6, 39, 40] . Musculoskeletal Tumor Society (MSTS) functional scores for patients [17] after limb salvage range from 50% to 100% [1, 8, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46] , whereas scores for patients who have had amputation range from 53% to 90% [2, 12, 15, 32, 39, 40, 47] . The best reconstruction option after limb salvage for osteosarcoma of the distal tibia remains unclear. Various megaprosthetic, allograft, and vascularized or nonvascularized autograft bone reconstruction techniques with varying survival, function, and complications rates have been reported [1, 10, 14, 20, 27, 28, 32, 36, 37, 39, 40, 44] . Survival, function, and complication rates for megaprosthetic reconstructions [18] range from 40% to 100%, 50% to 93%, and 17% to 60%, respectively [1, 28, 32, 40] , whereas those for bone reconstructions range from 40% to 100%, 53% to 100%, and 12% to 92%, respectively [8, 14, 27, 36, 37, 39, 44] .
To address these conflicting reports, we compared the survival, local recurrence, MSTS function, and complications of patients with osteosarcoma of the distal tibia treated with limb salvage or amputation.
Patients and Methods
We retrospectively reviewed the files of all 42 patients with osteosarcomas of the distal tibia diagnosed and treated at our institution from January 1985 to September 2010. There were 23 male and 19 female patients with a mean age of 26 years (range, 7-78 years). Limb salvage or amputation was decided after biopsy and staging. The decision regarding treatment was obtained with a high degree of consensus among the oncologic council that included orthopaedic oncology surgeons, medical oncologists, pathologists, and radiologists; decisions were made for limb salvage and allograft reconstruction for 23 patients (Table 1) , and for amputation for 19 patients (Table 2) . In contrast to a previous report [1] , we considered limb salvage for patients with osteosarcomas of the distal tibia that did not involve the major vessels as determined by preoperative planning and intraoperative findings; if neither the posterior tibial artery nor the dorsalis pedis artery was salvageable, amputation was performed. In all cases, we aimed for microscopically negative margin resection. The minimum followup was 8 months (median, 60 months; range, 8-288 months); all patients were included in the postoperative followup and gave written informed consent for their data to be included in this study. No patients were lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. This study was approved by the Institutional Review Board/Ethics Committee of the authors' institution.
For the initial evaluation, all patients had plain orthogonal radiographs, CT scan, MRI, and bone scan. After imaging, we performed Tru-Cut1 (Cardinal Health, Dublin, OH, USA) needle biopsy. In 15 patients, the needle biopsy was not diagnostic therefore we performed an incisional biopsy in these patients.
We graded the histologic sections based on the biopsy using the classification of Broders [5] . This classification defines four grades according to the rate of differentiation of the tumor cells: Grade 1 (well differentiated) includes less than 25% undifferentiated cells; Grade 2 (moderately differentiated) includes less than 50% undifferentiated cells; Grade 3 (poorly differentiated) includes less than 75% undifferentiated cells; and Grade 4 (anaplastic/pleomorphic) includes greater than 75% undifferentiated cells [5] . Seven of the 23 patients who had limb salvage had a Grade 1 or 2 tumor and 16 had a Grade 3 or 4 tumor. For the 19 patients who had amputations, one had a Grade 2 tumor and 18 had a Grade 3 or 4 tumor. All patients with Grades 3 and 4 osteosarcomas and one patient with a Grade 2 parosteal osteosarcoma with metastases at diagnosis (Patient 17; Table 2 ) had adjuvant and/or neoadjuvant chemotherapy.
We staged patients using the surgical staging systems of the MSTS [16] and the American Joint Committee on Cancer (AJCC) [19] . The tumor was Stage I in the MSTS and AJCC systems for six of the 23 patients who had limb salvage and in one of the 19 patients who had amputations; all remaining patients had tumors that were Stage II or greater. The tumor was contained in the bone (A in the MSTS system) in three of the 23 patients who had limb salvage; none of the patients who had amputations had the tumor contained in bone. The tumors were 8 cm or smaller (A in the AJCC system) in three of 23 patients who had limb salvage and in one of 19 patients who had amputations; all remaining patients had tumors that were larger than 8 cm (B in the AJCC system). Lung metastases (Stage III in the MSTS and Stage IV in the AJCC systems) were diagnosed at presentation and treated with metastasectomy in one of 23 patients who had limb salvage and in three of 19 patients who had amputations. The male to female ratio was 12:11 for the patients who had limb salvage and 11:8 for patients who had amputations. The mean age was 23 years (range, 10-51 years) for the patients who had limb salvage, and 29 years (range, 7-78 years) for patients who had amputations. The median followups were 67 months (range, 8-287 months) for the patients who had limb salvage, and 60 months (range, 10-268 months) for those who had amputations. The demographic and clinical details of the patients who had limb salvage and those who had amputations were evaluated for potential confounding variables at baseline; the tumor grades tended to be higher in the group of patients who had amputations (Mann-Whitney U test, p = 0.041) ( Table 3) . Below-knee amputation was planned to (1) resect the bone 2 cm to 3 cm proximal to abnormal bone density and signal intensity as determined by CT and MRI, respectively, or increased radioisotope uptake as determined by bone scan, (2) obtain adequate length of the residual limb that was at least 3 cm below the tibial tubercle, and (3) achieve good soft tissue coverage with the residual fibula 2 cm to 3 cm shorter [29, 45] . Limb salvage was planned to (1) include the previous biopsy site, (2) resect the tumor with a normal muscle cuff in all directions, and (3) resect the bone 2 cm to 3 cm beyond abnormal uptake [29] . The mean length of bone resection in the patients who had limb salvage was 134 mm (range, 115-160 mm). Intraoperatively, the adequacy of bone resection was evaluated with frozen section biopsy of a tissue sample obtained from the medullary canal of the residual tibia. The margins of bone and soft tissue resections of the tumor specimens were defined as (1) intralesional (when the tumor is entered or cut into at any point during surgery; microscopically positive), (2) marginal (when a cuff of less than 2 cm to 3 cm of normal tissue is left on all sides of the tumor, or the surgical dissection extends into or through the abnormal, reactive tissues that surround the tumor but are not actually a part of the tumor, the so-called ''reactive zone''; possibly microscopically positive), and (3) wide (when the reactive zone is not entered, but instead the dissection is through entirely normal tissues, and a cuff of 2 cm to 3 cm of normal tissue is left on all sides of the tumor; microscopically negative) [9, 16] . The margins of proximal bone resections were wide (microscopically negative) for all patients. The margins of distal bone resections were marginal (0.7 cm to 1 cm, microscopically negative) in three of the eight patients who had osteoarticular allograft reconstructions (Patients 4, 12, and 18; Table 1 ). Because we consider the articular cartilage as an anatomic barrier to tumor extension [41] , in these patients we accepted microscopically negative marginal margins of bone resection from the articular cartilage. The margins of soft tissue resections were microscopically negative (wide) in 17 but less than 2 cm to 3 cm is required for the above definition of wide. The margins were microscopically negative and less than 2 cm to 3 cm in four (marginal), and microscopically positive (intralesional) in two of the 23 patients who had limb salvage. The margins were wide by the above definition and microscopically negative for all patients who had amputations.
In the case of limb salvage, after tumor resection we performed allograft reconstruction. A matched allograft was chosen and osteosynthesis was performed according to the surgeons' preference with long plates and screws that spanned the total length of the allograft and extended to the proximal tibia for at least six to eight cortices (three to four screws), or with a calcaneal nail in cases with ankle arthrodesis. For patients with greater than 150 mm bone resection, to enhance union of the allograft with the residual tibia we performed osteotomy and transposition of the ipsilateral fibula; the fibular osteotomy was performed approximately 2 cm proximal to the level of the tibial osteotomy, and the fibula was approximated to the tibia and stabilized with screws ( Fig. 1) . Primary ankle arthrodesis was preferred for adults and for tumors involving the distal tibiofibular joint. The ankle was fused with either a calcaneal nail or tibiotalar screws in neutral dorsiplantar flexion and 0°to 5°valgus, with the foot shifted posteriorly and in external rotation so that the anatomic axis of the tibia is over the axis of the foot (middle of the ankle or second metatarsal) [7, 25, 26] . Intercalary resection and reconstruction were performed for tumors 3 cm or greater from the distal tibiofibular joint. Intraarticular resection and osteoarticular allograft reconstruction were performed for tumors less than 3 cm from the distal tibiofibular joint without joint involvement [41] . We aimed to preserve the deltoid ligament with part of the native medial malleolus for improved stability of the ankle; an oblique osteotomy was performed at the base of the medial malleolus, and the fragment with the medial ankle ligamentous complex intact Table 1 ), the medial malleolus was not salvageable and a complete osteoarticular allograft was used. If osteotomy of the lateral malleolus was necessary for resection or allograft reconstruction, osteosynthesis of the osteotomy was performed with a plate and screws or a long intramedullary screw. Primary wound closure was feasible without local or free muscle flaps in all cases. Postoperatively, for the patients who had limb salvage, a short cast was applied until wound healing was achieved, followed by a hinged brace and protective weightbearing until there was radiographic evidence of graft-host bone union. Routine followups including clinical examination and radiographs of the leg and chest were performed every 6 weeks for the first 6 months, every 6 months for the first 3 years, and then annually. Chest CT scan was performed every 6 months for the first 3 years, and then annually. Complications, local recurrence, metastasis, and death were recorded from the patients' files. We classified patients as (1) having no evidence of disease (NED), and (2) dead with disease (DWD). We evaluated their function using the modified MSTS functional scoring system [17] , and graded complications using the classification of surgical complications described by Dindo et al. [13] . Ankle instability was suspected on the basis of a patient's feeling that his or her ankle was giving-way and having ankle pain when walking on even ground, and was assessed with clinical stress tests including the varus-valgus tilt test and anterior drawer test, which were compared with results of the contralateral side [21] . For patients with limb salvage, long AP and lateral radiographs of the tibia including the ankle were obtained at each followup. Two of us (AFM and PR) and one radiologist (ER) independently evaluated all radiographs. To reduce interobserver variability, we reviewed the last followup images on computer workstations using consistent radiographic criteria for union [23] , ankle deformity [7, 25, 26] , and degenerative changes [38] . We presumed union of the allograft was achieved when continuous external bony borders between the graft and the recipient bone in addition to obscured or absent osteotomy lines were observed, and union of the arthrodesis when trabeculation was seen across the site of the arthrodesis [23] . We evaluated deformity by equinus, varus, valgus, and rotational malalignment of the axis of the foot with respect to the anatomic axis of the tibia [7, 25, 26] . Degenerative changes of the ankle were evaluated by nonuniform joint space loss, osteophyte formation, cyst formation, and subchondral sclerosis [38] . There were no missing radiographs. Fig. 1A-C (A) AP and (B) lateral radiographs show the left tibia and ankle of an 18-year-old male with a distal tibia osteosarcoma treated with intercalary resection and allograft reconstruction, in addition to osteotomy and transposition of the fibula to the tibia to enhance healing of the allografthost bone junction (Patient 16). (C) Thirty-five months after diagnosis and surgical treatment, the AP radiograph shows complete healing of the allograft.
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We compared demographic and preoperative clinical variables between the two groups of patients at baseline. Comparison with the parametric Student's t-test was done for nominal variables such as age and followup after confirmation of the normality of the distribution with the Kolmogorov-Smirnov Z test. Comparison with nonparametric tests was done for ordinal variables such as gender (chi-square test), tumor grade (Mann-Whitney U test), stage (Mann-Whitney U test), containment in bone (Fisher's exact test), size (Mann-Whitney U test), and metastases at diagnosis (Fisher's exact test) ( Table 3 ). Survival to death was evaluated using Kaplan-Meier analysis [24] . We compared survival between the two treatment groups using a log-rank test, MSTS function using the Mann-Whitney U test, and local recurrences and complications using Fisher's exact test. The data were recorded in a Microsoft1 Excel1 2003 spreadsheet (Microsoft Corporation, Redmond, WA, USA) and analyzed using MedCalc1 Software Version 11.1 (MedCalc Software, Mariakerke, Belgium).
Results
The survival of the patients who had limb salvage was similar (p = 0.599) to that of the patients who had amputations: 84% at 120 and 240 months versus 74%, respectively (Fig. 2) . The overall survival for the patients with osteosarcoma of the distal tibia was 78% at 120 and 240 months (Fig. 3) . At the last followup, 35 patients had NED and six were DWD; four patients had lung metastases develop and were treated with metastasectomy (Tables 1  and 2 ). One patient (Patient 20, Table 1 ) died from injuries sustained in a motor vehicle accident.
The incidence of local recurrence for the patients who had limb salvage was similar (p = 0.238) to the incidence for patients who had amputations: three of the 23 patients who had limb salvage (13%; Patients 10, 19, and 23, Table 1 ) experienced local recurrence and were treated with amputation (Fig. 4) , whereas no patients with amputations experienced local recurrence.
The mean MSTS functional score for the patients [17] who had limb salvage tended to be higher (p = 0.044) compared with the score for patients who had amputations: 76% (range, 30%-93%) versus 71% (range, 50%-87%), respectively. We observed no evidence of ankle instability, deformity, or radiographic evidence of degenerative changes of the ankle in any of the patients with osteoarticular allograft reconstructions who had retained their allografts as of the last followup (Fig. 5 ). All these patients were ambulatory with mild pain (Patients 4 and 8) or painfree (Patients 6, 7, 12, 17, and 18).
The incidence of complications for the patients who had limb salvage was similar (p = 0.100) to that for patients who had amputations. Six of the 23 patients who had limb salvage ( Table 2 ) experienced wound dehiscence and was treated with wound debridement. All complications in both groups were Grade IIIb (not lifethreatening but which required intervention under general anesthesia) [13] .
Discussion
Although there is considerable literature regarding surgical treatment of osteosarcoma of the distal tibia [1, 8, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46, 48] , the data regarding survival and function of patients after limb salvage and amputation for osteosarcoma in this location have been conflicting [1, 2, 8, 10, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46] . We therefore compared survival, local recurrence, function, and complications of patients with osteosarcoma of the distal tibia treated with limb salvage or amputation. Survival, local recurrence, and complications were similar, but function was better in the patients who had limb salvage versus those who had amputations; however, the conclusions are tempered by the small numbers and differences in confounding variables between the groups.
We acknowledge three limitations in this series. First, although it is the largest reported series of patients with osteosarcoma of the distal tibia, the problem is relatively infrequent and the sample size is still relatively small to draw definite conclusions regarding the treatments we studied because the study had inadequate power to control for potentially confounding variables. However, the consistency of treatment, inclusion of technical points, and complete followup allows us to draw limited conclusions we believe are valuable. Second, the osteosynthesis techniques of the reconstructions after limb salvage were not evaluated because they were not subjected to a treatment protocol but were performed according to the surgeons' preference. However, the purpose of this study was not to evaluate the survival, function, and complications of reconstructions after limb salvage in the distal tibia. Third, the two groups of patients were not randomly selected. Therefore, we performed a statistical analysis to evaluate potentially confounding variables between the two groups at baseline (Table 3 ). Our analysis showed that the tumor grades tended to be higher in the group of patients who had amputations.
Previous studies reported similar survival for patients after limb salvage or amputation for osteosarcoma of the distal tibia (Table 4) [1, 8, 10, 14, 15, 28, 32, 34, 36, 39, 40, 46, 47] . However, these were small series that mostly evaluated different types of reconstructions after limb salvage for various benign and malignant tumors in the distal Fig. 4A-C (A) AP and (B) lateral radiographs show the left tibia and ankle of a 13-year-old boy with a distal tibia osteosarcoma treated with arthrodesis (Patient 10). (C) An AP radiograph shows healing of the allograft and local recurrence at the proximal osteotomy (arrows) 10 months after diagnosis and surgical treatment; amputation was performed.
Distal Tibia Osteosarcoma 1743 leg [27, 28, 32, 39, 40, 44, 46] . In addition, none of these series evaluated amputation as a primary treatment but rather as a secondary treatment for local tumor recurrence or complication of the limb salvage. By reviewing only patients with osteosarcoma of the distal tibia, the survival rates after limb salvage range from 100% to 50% at 6 to 288 months [1, 8, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46] , whereas those for amputation range from 100% to 84% at 36 to 60 months [39, 40] . In our series, the survival of the patients who had limb salvage was similar to that of the patients who had amputations. Limb salvage for tumors of the distal tibia is challenging owing to the difficulty in obtaining microscopically negative margin resection because of the proximity of nerves, vessels, and important tendons of the foot [12, 28] . Local recurrence rates after limb salvage for osteosarcoma of the distal tibia range from 10% to 33% [10, 27, 32, 39, 44] . To the best of our knowledge, local recurrence has not been reported after primary or secondary below-knee amputation for osteosarcoma of the distal tibia [10, 27, 32, 39, 40, 44, 46] . In our series, the incidence of local recurrence was similar between the groups; three of the 23 patients who had limb salvage experienced local recurrence, whereas no patients with amputations experienced local recurrence. An increased risk of local recurrence and distant metastases has been associated with poor response to chemotherapy as assessed by pain relief, change in tumor volume, and change in bone scan or positron emission tomography (PET) activity [39] . However, our decision for limb salvage or amputation is not based on the response to chemotherapy but on neurovascular involvement by the tumor. We believe that the response to chemotherapy should be related to the prognosis; excellent response to chemotherapy and microscopically negative margins obtained either with limb salvage or with amputation are important prognostic factors for local control of osteosarcoma [35] . Below-knee amputation has been the standard surgical treatment for patients with osteosarcoma of the distal tibia, achieving microscopically negative margins, predictable outcome, improved health-related quality of life, and best function with an appropriate prosthesis [3, 40] . Others reported similar results for function of patients after limb salvage or amputation for osteosarcoma in this location [1, 8, 10, 14, 15, 28, 32, 34, 36, 39, 40, 46, 47] . The MSTS function for patients [17] after limb salvage range from 50% to 100% [1, 8, 14, 27, 28, 32, 36, 37, 39, 40, 44, 46] , whereas those for amputation range from 53% to 90% [2, 12, 15, 32, 39, 40, 47] . In our series, the mean MSTS functional scores for the patients tended to be better for those who had limb salvage versus those who had amputations. The strengths of the MSTS score are its ease of use, acceptance after extensive modifications and field trial, and provision of data from which it may be refined in the future. The major disadvantages are its ad hoc development with no formal item generation or reduction process, degree of subjectivity that allows slight interobserver variability, and inherent compromises of a system that is applicable to numerous different resections, reconstructions, and anatomic sites without becoming so complex that its usefulness would be sharply curtailed [18] . Although we acknowledge these limitations, we prefer to evaluate patients with the MSTS score because it emphasizes comprehensive evaluation of factors (pain, functional activities, and emotional acceptance) pertinent to the patient as a whole [17] . In addition, by using the MSTS score our results could be compared more easily with those in the literature, as it is commonly used in numerous series [1, 8, 14, 32, 36, 39, 40, 44] .
The risk for complications should be considered when evaluating surgical treatment for tumors of the distal tibia. Complication rates after limb salvage for osteosarcoma of the distal tibia range from 17% to 92% [1, 8, 10, 14, 28, 32, 39, 40, 44, 46] . Many series reporting primary or secondary below-knee amputation have not reported complications [1, 10, 14, 28, 32, 39, 40, 44, 46] . In decreasing incidence, the most common complications after limb salvage and variable megaprosthetic and bone reconstructions at the distal tibia are infection [1, 8, 14, 27, 32, 37, 39, 44] , allograft fractures [14, 27, 37, 39, 44] , nonunion [14, 27, 36, 44] , wound healing problems and flap necrosis [1, 27, 32, 37] , ankle instability and deformity related to resection of the malleoli [14, 27, 34, 44] , limb length discrepancy [14, 27, 40] , degenerative changes of the ankle [37] , and talar collapse [28] . Complications of total ankle megaprostheses including instability and loosening, soft tissue necrosis, infection, and deterioration of function with time range from 17% to 60% [1, 28, 32, 40] . Complications of vascularized fibula autograft including fracture, infection, nonunion, deformity, prolonged immobilization, and donor-site morbidity range from 33% to 92% [14, 23, 27, 36, 39] . Arthrodesis may be the best reconstructive procedure for the ankle because it provides for excellent stability [10, 34, 39, 44] . Complications of arthrodesis including nonunion, limb length discrepancy, infection, and fracture range from 12% to 92% [8, 10, 14, 27, 28, 36, 39, 44] . Complications of osteoarticular and intercalary allograft reconstructions including infection, fracture, nonunion, deformity, and degenerative changes with loss of ankle motion range from 12% to 89% [8, 27, 31, 34, 37] . In our series, the incidence of complications was similar between the groups; complications with limb salvage and allograft reconstructions included delayed union, nonunion, and fracture, none of which occurred in patients who had amputations. These complications were not life threatening but required an intervention under general anesthesia [13] . To avoid late ankle deformity or instability, repair of the soft tissues and reconstruction of the tibiofibular mortise are necessary [10] . Biomechanical and anatomic studies emphasized the role of ankle ligaments in the coupling mechanism between the foot and leg [4, 22, 30, 43] , and showed that this mechanism substantially depends on the integrity of the deltoid ligament [11, 21, 22, 43] . When the deltoid ligament with part of the native medial malleolus can be saved and reattached to the osteoarticular distal tibia allograft, as in seven patients in our series, the biomechanics and stability of the ankle should be markedly improved [11, 21, 22, 43] .
Similar survival, local recurrence and complications, but better function is achievable with limb salvage versus amputation for patients with osteosarcoma of the distal tibia. Although local recurrence and complications are more common in patients with limb salvage, as survival is not affected by the type of surgery it could be worthwhile to accept these higher risks, with strict followup of selected patients for whom limb salvage is feasible, and reserve amputation for patients with local recurrence.
